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2nd July, 1Q51 



comprises two conductors 1U ana n, eaon 
oi* a length equal to substantially a 

15 quarter of the wavelength at which the 
aerial is to he operated, having their 
adjacent ends connected to terminals 33 
and F, these terminals constituting input 
terminals in the case of a transmitting 

20 aerial and output terminals in the ease 
of a receiving aerial. The structure 10, 
II thus constitutes a normal dipole aerial 
system of length \j 2, where A is the wave- 
length. In a folded dipole a further eon- 

25 duct or 12 is provided parallel to the con- 
ductors .1.0 and II and close to them, the 
miter ends G and K of the dipole being 
connected fo the outer end? G 1 and H 1 of 
the further conductor 32. 

30 In one form of folded dipole that lias 
become known, the ends G, G l and H, 
H 1 are brought into close proximity with 
one another as shown in Figure 2, the 
aerial structure thus being given an 

35 annular form. In order that the con- 
ductors 10, 11 on the one hand and 32 on 
the other hand may he visible in Figure 
2, they are shown somewhat displaced 
from one another. In practice, they are 

40 disposed one above the other. In the 
known arrangement, a condenser ]3 is 
connected between the adjacent ends G 
and H. 

The folded dipole aerial structure with 
45 which the present invention is concerned 
is of the type, which will be understood 
from the description given with reference 
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Tlie present invention has tor one ui 
its objects to provide an aerial structure 
of^ the type set forth which whilst 
efficient in operation is simple and cheap 
to construct. G5 

A further object of the invention is to 
provide an aerial structure of the type 
set forth which for any given wavelength 
can be made of smaller size thau known 
di poles of this type. 7() 

According to the present invention, in 
an aerial structure of the type set forth, ■ 
the conductors constituting the centre- 
fed dipole and the said further conductor 
or conductors are arranged un opposite 75 
sides of an. insulating member and the 
conductors are in the form of thin strips 
of conducting material carried by the 
insulating member. 

The insulating member may be in the SO 
form of a fiat plate and the conductors 
may be applied on the two sides of the 
plate in any convenient way; for example 
by a printing process; by spraying 
through a suitable mask; by sputtering; 85 
or by providing the insulating support 
with recesses according to a desired 
pattern, coating the whole of the surfaces, 
including the recesses, with metal by 
spraying, sputtering or otherwise, and 90 
then removing the raised portions of the 
support and the metal coating thereon by 
grinding or otherwise, thus leaving con- 
ductors of the desired shape, as defined 
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We, A. C. Cossou Limited, o£ Cossor 
House, Highbury Grove, London, N.5, a 
British. Company, and AuTurm Henry 
Ashford VVynn and John Kenneth 
5 Oxenham. botk of the Company's 
address and both British subjects, do 
hereby declare the nature of this inven- 
tion to be as follows : — 

The present invention relates to folded 

LO dipole aerials. 

As shown in Figure 1 of the accom- 
panying drawing, a folded dipole aerial 
comprises two conductors 10 and 11, each 
of a length equal to substantially a 

15 quarter of! the wavelength at which the 
aerial is to he operated, having* their 
adjacent ends connected to terminals E 
and F, these terminals constituting input 
terminals in the case of a transmitting 

20 aerial and output terminals in the case 
of a receiving aerial. The structure 10, 
11 thus constitutes a normal dipole aerial 
system of length A/2, where A is the wave- 
length. In a folded dipole a further con- 

25 ductor 12 is provided parallel to the con- 
ductors 10 and 11 and close to them, the 
outer ends Or and H of the dipole being 
connected to the outer ends OH and H 1 of 
the further conductor 12. 

30 In one form of folded dipole that has 
become known, the ends Or, G 1 and H, 
H 1 are brought into close proximity with 
one another as shown in Figure 2, the 
aerial structure thus being given an 

35 annular form. In order that the con- 
ductors 10. 11 on the one hand and 12 on 
the other hand may he visible in Figure 
2, they are shown somewhat displaced 
from one another. In practice, thev are 

40 disposed one above the other. In the 
known arrangement, a condenser 13 is 
connected between the adjacent ends (t 
and H. 

folded dipole aerial structure with 
45 winch the present invention is concerned 
is of the type, which will be understood 
fro m the d escription iriven with reference 
t ' 1 
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to Figures 1 and 2, comprising two con- 
ductors arranged with their adjacent ends 
connected to input or output terminals 50 
to form a centre-fed dipole, a further 
conductor or conductors disposed along- 
side the said two conductors and connec- 
tions between points at or near the ends 
of the dipole remote from the said ter- 55 
minals and points at or near the ends of 
the said further conductor or conductors 
respectively, the structure having a pari- 
annular form. The annulus may be of cir- 
cular, square or other shape. 00 

Tlie present invention has for one of 
its objects to provide an aerial structure 
of the type set forth which whilst 
efficient in operation is simple and cheap 
tn construct. 

A further object of the invention is in 
provide an aerial structure of the type 
set forth which for any given wavelength 
can be made of smaller size than known 
dipoles of this type. 

According to the present invention, in 
an aerial structure of the- type set forth, 
the conductors constituting the centre- 
fed dipole and the said further conductor 
or conductors are arranged on opposite 75 
sides of an insulating member and the 
conduclurs are in the form of thin strips 
of conducting material carried by the 
insulating member. 

The insulating member may be in the 
form of a flat plate and the' conductors 
may be applied on the two sides of the 
plate in any convenient way ; for example 
by a printing process; "by spraying 
through a suitable mask; by' sputtering 
or by providing the insulating support 
with recesses according to a desired 
pattern, coating the whole of the surfaces, 
including the recesses, with metal by 
spraying, sputtering or otherwise, and 
then removing the raised portions of the 
support and the metal coating thereon by 
grinding or otherwise, thus leaving con- 
ductors of the desired shape, as defined 
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bv the recesses, on the two sides of the 
plate. The conductors may, example, 
be applied by one of the methods de- 
scribed in the Specification of co-pending 
5 Patent Application 2vo. »02'3/48 (Serial 
Xo. 652, 39S). 

The invention will be described by way 
of example with reference to other 
Figures of the accompanying drawings 

10 in which Figures 3 and 4 are diagram- 
matic views in plan and under-side plan, 
respectively, of one embodiment. Figure 
5 contains curves illustrating one aspect 
of the invention, Figures 0 and . 7 are 

15 views of the two sides of a further aerial 
structure according to the invention. 
Figures S, 9 and 10 are diagrammatic 
plan views showing the shapes of the con- 
ductors used in a three-layer aerial struc- 

2*0 ture according to the invention and 
Figure 11 is a diagrammatic view in 
cross-section on the line Z — Z of Figures 
8, 9 and 10. 

In all the Figures representing em- 

25 bodiments, four corners of a square insu- 
lating (date 14 serving as support for the 
conductors of the aerial system are 
represented by A. B, C and J). The con- 
ductors themselves in the form of thin 

30 strips produced in one of the ways re- 
ferred to are shown shaded. 

Referring to Figures 3 and 4, input or 
output terminals are, as in Figures 1 and 
2, "represented by the letters E and F. 

35 Points such as J and ~K on the conductors 
(»n the upper surface of the support are 
connected by rivets or the like passing 
Hi rough the support to points such as T 3 
and F l respectively on the under-surface... 

40 The path of a direct current between 
points E and F would therefore be from 
E to J. J to J 1 , J 1 to K\ K J to K, and 
K to F. The conductor on the nnde.r- 
surface of the support, is in this example 

45 made broader than that on the upper sur- 
face. This can be shown to increase the 
input resistance of the aerial structure 
measured between terminals E and F. 
For many purposes this is desirable, but 

50 the employment of conductors of different 
widths either to increase or decrease the 
input resistance is not an essential feature 
of the invention. The support* 14 is made 
of suitable dielectric material of low loss, 

55 such for example as polystyrene. 

For the purpose of explaining the 
operation of the arrangement of Figures 
3 and 4, reference will a<rain be made to 
the plain folded dipole shown in Figure 

GO 1. It is known that the aerial presents a 
purely resistive impedance across the ter- 
minals EF. and is therefore resonant, at 
a freciuency for which, its length fi-H or 
G^H' is approximately equal to half a 

G5 wavelength. This resononee may be con- 



sidered as the combination of two separate 
resonance modes; one being that nf a 
simple dipole consisting of the element- 
(jEFH and (r l H. 1 radiating- in parallel, 
and the other that of a pair ot short- 70 
circuited quarter-wave stubs, formed bi- 
sections FHfTM and EGtJ'M in series 
It will he appreciated that the component 
of current at KF due to the latter mode 
is negligible, and as the two rods radial- 75 
ing in parallel act as a single rod of larger 
diameter (i.e. as an ordinary half-wave 
dijiole) (lie resultant input impedance i< 
resistive. 

If the space between the elements 80 
GEFH and G'MH 1 is filled with some 
dielectric substance, the resonance fre- 
quency of the rods radiating* in parallel 
remains unaltered, but the electrical 
length of the stubs is changed. It i< there- Bo 
fore seen that the insertion of dielectric 
will introduce a reactive component in 
the impedance across the terminals EF. 
Ifj however, the stubs are suitably 
shortened by connecting the elements 90 
together at points J J 1 and KK 1 so that ■ 
their combined electrical length is equal 
to a half-wavelength in the dielectric, or 
an integral multiple thereof, the im- 
pedance of the aerial can again be mailt- On 
resistive. Similarly, if the dipole has a 
length other than that nf half a wave- 
length, sci that the elements radiating- in 
parallel have a reactive component, the 
aerial may be returned to a resonant con- 100 
diiioji by choosing a suitable stab length. 
With an interposed dielectric ii will nor- 
mally he found that the physical length 
of the still) will require io be le<s than 
the total aerial length, and that in the 105 
limiting condition in which the physical 
lea gibs of the dipole and stubs are equal, 
these lengths can be made smaller as the 
permittivity of the dielectric is increased. 

It will be appreciated that when a 110 
folded dipole in an air medium, or hay- 
ing its elements separated by some di- 
electric substance. i> bent round into the 
form of a loop, the resonance frequency 
will change owing to the altered cnuidingllo 
between the various elements. This modi- 
fication complicates the calculation of 
any specific example, and for this reason 
n irraphical method of solution is pre- 
ferred. 1?0 

By way of example, ihe embodiment 
shown in Figures 3 and A. in which the 
points T.T 1 and KK 1 are connected to- 
gether through ihe dielecirie base Ivy 
means of copper rivets or the like, will 135 
be considered with reference to the curves 
-hown in Figure 5. in which the abscissa 
represents the frequency / of oscillations 
applied to the input terminals EF in 
Fisures" 3 and 4. Tt is assumed that the 1 : W 



relevant dimensions are known and tkat 
the permittivity uf the dielectric base is 
relatively low. not differing* greatly from 
unity, and that it is required to determine 

5 the frequencies for which the aerial pre- 
sents a purely resistive impedance at the 
terminals EF. For the present purpose, 
the aerial structure is regarded as com- 
posed of two parts, as was the simple 

10 folded dipole shown in Figure 1 ; the first 
part consisting of the radiators in parallel 
(equivalent to a simple dipole) and the 
second of a pair of stubs, one stub being 
constituted by the conductor from E to J 

15 and J 1 to M, and the other by the con- 
ductor F to K and K 1 to M. In Figure 5, 
the full line curve AS relating 
suseeptance and frequency, and the 
chain dotted line curve HO relating cqn- 

20 ductance and frequency refer to the part 
consisting of the parallel radiators, while 
the broken line SS represents the com- 
bined suseeptance of the two stubs plotted 
against frequency. is the frequency at 

25 which the parallel radiators resonate, and 
f s the frequency at which the stubs have 
electrical lengths which, when added 
together, are. equal to half a wavelength 
(or an integral multiple thereof) in the 

30 dielectric. It is seen that at a frequency 
f x the susceptance of the parallel radiators 
substantially balances the stub 
susceptance, and consequently the de- 
sired condition of zero reactance is ob- 

35 tained ; the remaining resistive com- 
ponent being the reciprocal of the con- 
ductance indicated by the curve 110 at 
this frequency- Another frequency at 
which balance can be obtained is imli- 

40 ea ten 1 by /„. I'll ere will also be u sequence 
of higher frequencies (not shown) at 
which further balances may be obtained, 
but these will not normally be of any 
interest. In Figure the permittivity 

45 was assumed to be small; higher values 
increase the electrical lengths of the stubs 
and thereby lower the stub resonance fre- 
quency. In this way it may be possible 
to find more than one frequency below f r 

50 at which the susceptances balance, leav- 
ing the impedance of the aerial purely 
resistive. 

It should be noted that it is not neces- 
sary to have J.T 1 and EK 1 symmetrically 
55 disposed, as long* as the value of suscept- 
ance at the required frequency (usually 



/,) is unaltered. In particular, either or 
both of the points J J 1 and EK 1 may 
coincide with the ends GG 1 and HH 1 . 

It will be appreciated that in all cases 60 
the frequency f 1 can be made substan- 
tially less than the parallel resonance 
frequency / r , or in other words, at a given 
frequency an aerial constructed in accord- 
ance with this invention can be made of 65 
smaller dimensions than a normal half- 
wave dipole. 

In the fomi of the invention illustrated 
in Figures 3 and 4, a singly folded dipole 
is used. Figures 6 and 7 show one way 70 
in which a doubly folded dipole may be 
produced in accordance with the inven- 
tion. The conductor on the front surface 
of the support 14 is, as shown in Figure 
(>, of the same form as that in Figure 8. 75 
On the back surface of the support 14 are 
provided two conductors, one within the 
other and ins\ilated from one another 
excepting at the ends G 1 and H 1 . These 
ends G 1 and H 1 or other suitable points 80 
are connected by rivets or the like to the 
points G and H or other points respec- 
tively in Figure 6. 

Another way in which multi-folded di- 
poles can be produced is by employing a 85 
plurality of supports. One example where 
the folding is double is shown in Figures 
S, 9, 10 and 11. The structure comprises 
two insulating supports 14 1 and 14", the 
former having a . conductor 15 of the shape 90 
shown in Figure 8 arranged on its upper 
surface and no conductor upon its lower 
surface. The supporting member 14", 
shown in Figure 9, has conductors 10 
and 17 of the shape shown arranged upon 95 
its upper surface, and thus in contact with 
the lower surface oi' the supporting? mem- 
ber 14 l and a conductor 18 as shown in 
Figure 10 upon its lower surface. Suit- 
able points such as H. and H. 1 and G and 100 
G 1 a re c on 11 e etc d togctl i c r r cspc ct i vel y , 
while the ends P and Q are left uncon- 
nected. 

The reactance between terminals E and 
F may be neutralised by suitably choos- \05 
ing the points to be connected together 
as already described with reference to 
Figures 3 and 4. 

Dated this 21st dav of September. 1948. 
EEDDIE & GROSE, 
Agents for the Applicants, 
0. Bream's Buildings, London, E.O.4. 



COMPLETE SPECIFICATION 
Impravements in and relating to Folded Dipole Aerials 



We, A. C, Cosson Limited, of Cossor 
110 House. Hijrhb.ury Grove, London, rV.5', a 
British Company, and Arthur Henry 
Ashford Wynk and John Kennkttt 



Oxeniiam, both of the Company's 
address and both British subjects, do 
hereby declare the nature of this inven- 115 
tion, and in ^vliat manner the same is .to 
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Iu« performed, to be particularly 
described and ascertained in and by the 
following statement : — 

Tile present invention relates to folded 
5 rtipole aerials. 

As shown in Figure 1 of the drawings 
accompanying the Provisional Specifica- 
tion, a folded dijmle aerial comprises two 
conductors 10 and 11 ? each of a leugtli 

10 equal to substantially a quarter of tlie 
wavelength at which the aerial is io be 
operated, having their adjacent ends con- 
nected to terminals E and F, these ter- 
minals constituting input, terminals in 

15 the. ease of a transmitting aerial and out- 
put terminals in the case of a receiving 
aerial. The structure 10, 1.1 thus consti- 
tutes a normal dipole aerial system of 
length A/2, where A is the wavelength. In 

20 a folded dipole a further conductor 12 is 
provided parallel to the conductors 10 
and 31 and close to thorn, the outer ends 
G and H of the dipole being connected to 
the outer ends G 1 and H l of the further 

25 conductor 12. 

In one form of folded dipole that has 
become known., the ends Gr, G 1 and TT. 
II 1 are brought into close proximity with 
one another as shown in Figure 2 the 

30 serial structure thus being given an 
annular form. Tn order that the con- 
ductors 1.0, 11 on the one hand and 12 on 
the other hand may be visible in Figure 
2, they are shown somewhat displaced 

#36 from one another. In practice, they are 
disposed one above the other. In tin* 
known arrangement?, a condenser \l\ is 
connected between fix* adjacent ends G 
and IT. 

40 The folded dipole aerial structure with 
which the present invention is concerned 
is of the type, which will be understood 
"from the description given with reference 
to Figures 1 and 2, comprising two con- 

45 ductors arranged with their adjacent 
ends connected to input or output ter- 
minals to form a centre-fed dipole. a 
further conductor or conductors disposed 
alongside tlie said two conductors and 

50 connections between points at or near Ihe 
ends of the dipole remote from the said 
terminals and points at or near the ends 
of the said further conductor or con- 
ductors respectively, the structure having 

56 a part-annular form. The annulus may 
be of circular, square or other shape. 

The present invention has for one of its 
objects to provide an aerial structure of 
the type set forth which whilst efficient 

GO in operation is simple, and ('heap to con- 
struct. 

A further object of the invention is to 
provide an aerial structure of the type set 
forth which for any given wavelength can 
66 be made of smaller- size than known di- 



poles of this type. 

According to the present invention, in 
an aerial structure of the type set forth, 
the conductors constituting the centre- 
fed dipole and the said further conductor 70 
or conductors are arranged on opposite 
sides of an insulating* member and the 
conductors are in the form of thin strips 
of condxieting material carried by the 
insulating member. 75 

Further according to this invention 
there is provided an aerial structure of 
the type set forth comprising three or 
more sets of conductors one of which con- 
stitutes the centre-fed dipole and the 80 
other sets constituting the said further 
conductors, and a plurality of insulating 
members arranged in a stack, Iwo of Ihe 
sets being disposed upon tlie two outer 
surfaces of the stack and the one or more 85 
other sets being disposed between adja- 
cent insulating members'. 

The insulating member or each of such 
members may be in the form of a Hat plate 
and the conductors may be applied on 90 
the iwo sides of tlie plate in any con- 
venient way; for example by a printing 
process; by spraying through, a suitable 
nia^k; by sputtering; or by providing the 
insulating support with recesses accord- 95 
ingfo ;i desired pn fieri), coaling Ihe whole, 
of the surfaces, including the recesses, 
with metal by spraying, sputtering or 
otherwise, and then removing the raised 
portions of the support and the metal 100 
coating thereon by grinding or otherwise 
thus leaving conductors of i lie desired 
shapes, as defined by the recesses, on the 
iwo sides of the plate. The conduct or< 
may. for example, be applied by one of 105 
the methods described in the specification 
of co-pending Patent. Application "Xn. 
f»ri2t?/ft4 (Serial No. Co2,398). 

Tlie invention will be described by way 
of example . with reference to other 110 
Figures of the drawings accompanying 
the Provisional Specification in which 
Figures -3 and 4 are diagrammatic view- 
in plan and under-side plan! respectively, 
of one embodiment. Figure "> contains \\§ 
curves illustrating one aspect of the in- 
vention. Figures 0 and 7 are views of the 
two sides of a further aerial structure 
according to 1hc invention. Figures S. f) 
and 10 are diagrammatic, plan views 12Q 
showing the shapes of the conductors used 
in a three-layer aerial structure accord- 
ing to the invention. Figures S. 9 and 
Hi are diagrammatic plan views showing 
the shapes of the conductors used in a 125 
three-layer aerial structure according to 
the invention and Figure 11 is a diagram- 
matic view in cross-section on the line 
7— z of Figures 8, 9 ; and 10. 

Tn all the Figures representing em bod i- 130 
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iiients, four comers of a square insulating 
plate 14 serving as support for ike con- 
ductors of tiie aerial system are repre- 
sented by A, B, C and D. Tke conductors 
& themselves in the form of thin strips pro- 
duced in one of the ways referred to are 
shown shaded. 

Beferring to figures 3 aud 4, input or 
output terminals are, as in Figures 1 and 
10 2, represented by the letters E and E. 
Points such as J and K on the conductors 
cn the upper surface of the support are 
connected by rivets or the like passing- 
through the support to points suck as J 1 
16 and K 1 respectively on the under-surface. 
The path of a direct current between 
points E and F would therefore be from 
E to J, J to J 1 , J 1 to K l , K 1 to K, and 
K to E. . The conductor on the under- 
20 surface of the support is in this example. 
made broader than that on the upper sur- 
face. This can be shown to increase the 
input resistance of the aerial structure 
measured between terminals E and E. For 
2£ many purposes this is desirable, but the 
employment of conductors of different 
widths either to increase or decrease the 
input resistance is not an essential feature 
of the invention. The support 14 is made 
30 of suitable dielectric material of low loss, 
such for example as polystyrene. 

Eor the purpose of explaining the 
operation of the arrangement of Figures 
3 and 4, reference will again be made to 
95 the plain folded dipole shown in Eigurc 
1. It is known that the aerial presents a 
purely resistive impedance across the ter- 
minals EE, and is therefore resonant, at 
a frequency for which its length GH or 
40 (i l H J is approximately equal Lu half a 
wavelength. This resonance may be con- 
sidered as the combination of two 
separate resonance modes ; one being that 
of a simple dipole consisting- of the 
46 elements GEEH and GVH 1 radiating- in- 
parallel, and the other that of a pair of 
short-circuited quarter-wave stubs, 
formed by sections FHXTM and EGGPM 
in series. It will be appreciated that the 
50 component of current at EF due to the 
latter mode is negligible, and as the two 
rods radiating in parallel act as a single 
rod of larger diameter (i.e. as an ordi- 
niiry half-wave dipole) the Tesultant input 
55 impedance is resistive. 

If the space between the elements 
(tEEH and G'MH 1 is filled with some di- 
electric substance, the resonance fre- 
quency of the rods radiating in parallel 
60 remains unaltered, but. the electrical 
length of the stubs is changed. It is there- 
fore seen that the insertion of dielectric 
will introduce a reactive component in the 
impedance across the terminals EE. If. 
65 however, the stubs are suitably shortened 



by connecting the elements together at 
points JJ 1 and KK 1 so that their com- 
bined electrical length is equal to a half- 
wavelength in the dielectric, or an integ- 
ral multiple thereof, the impedance of the 70 
aerial can again be made resistive. Simi- 
larly, if the dipole has a length other 
than that of half a wavelength, so that 
the elements radiating in parallel have 
a reactive component, the aerial may be 75 
returned to a resonant condition by choos- 
ing a suitable stub length. With an inter- 
posed dielectric it will normally be found 
that the physical length of the stub will 
require to be less than the total aerial 80 
length, and that in the limiting condition 
in which the physical lengths of the di- 
pole and stubs are equal, these lengths 
can be made smaller as the permittivity 
of the dielectric is increased. 85 

It will be appreciated that when a 
folded dipole in an air medium, or hav- 
ing its elements separated by some dielec- 
tric substance, is bent round into the form 
of a loop, the resonance frequency will 90 
change owing to the altered coupling be- 
tween, the various elements. This modifi- 
cation complicates the calculation of any 
specific example, and for this reason a 
graphical method of solution is preferred. 05 

By way of example, the embodiment 
shown in Figures 3 and 4, in which the . 
points JJ 1 and EE 1 are connected 
together, through the dielectric base by 
means of copper rivets or the like, will 100 
be considered with reference to the curves 
shown in Figure 5, in which the abscissa 
represents the frequency / of oscillations 
applied to the input terminals EE in 
Figures and 4. It is assumed that ihe [05 
relevant dimensions are known and thai, 
tl i e p ar » n i it i v i t.y o f - the d i el e ctr i c b a s e is 
relatively low, not differing greatly from 
unity, and that it is required to deter- 
mine the trccruencies for which the aerial HO 
presents a purely resistive impedance at 
the terminals EF. For the present pur- 
pose, the aerial structure is regarded as 
composed of two parts, as was the simple 
folded dipole shown in Figure 1 ; the first n5 
part consisting of the radiators in parallel - 
(equivalent tu a simple dipole) and the 
second of a, pair of stubs, one stub being 
constituterl by the conductor from E to 
J and J 1 to M, and the other by the con- 120 
ductor F to K and K 1 to M. In Figure 5, 
the full line curve AS relating susceptance 
and frequency, and the chain dotted line 
curve 11C relating to conductance and 
frequency refer in the part consisting 125 
of the parallel radiators, while the brolten 
line SS represents the combined 
susceptance of the two stubs plotted 
against frequency. f r is the frequency at 
which the parallel radiators resonate, and 130 
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f s the frequency at which tke stubs have 
electrical lengths which, when added 
together 3 are equal to liuli vl wavelength 
(or integral multiple thereof; in tlie di- 
5 electric. It is seen that at a frequency / l 
the susceptanoe of the parallel radiators 
substantially balances the stub suscept- 
ance, and consequently the desired condi- 
tion of zero reactance is obtained; the 
10 remaining resistive component being the 
reciprocal of the conductance indicated by 
the curve HO at this frequency. Another 
frequency at which balance can be 
obtained is indicated by / 2 . There will 
15 also be a sequence of higher frequencies 
(not shown) at which further- balances 
may be obtained, but these will not nor- 
mally be of any interest. In Figure 5 the 
permittivity was assumed io be small ; 
20 higher values increase the electrical 
lengths of the stubs and thereby lower tlie 
stub resonance frequency. In this way it 
m;iy he possible to fin.fl more than one fre- 
quency below / r at which, the susceptanoe 
25 balance, leaving, tho impedance of the 
aerial purely resistive. 

It should be noted that it is no I neces- 
sary to have JJ A and T\Tv J symmetrically 
disposed, as long as tlie value of 
30 susceptanre at the required frequency 
(usually f\) is unaltered. "In particular, 
either or "both of the points JJ 1 and KK J 
may coincide with the ends GG 1 and HE J . 
It will be appreciated thai in all cases 
35 the frequency /j can he made substant tally 
jess than the parallel resonance frequency 
/,., or in other words, at a. given frequency 
an aerial constructed in accordance with 
this invention can be made of smaller 
40 dimensions than a normal half-way di- 
pole. 

Tn the form of the invention illustrated 
in Figures, o and 4, a singly folded dipole 
is used. Figures G and 7 show one way in 

4o which a doubly folded dipole may be pro- 
duced in accordance with the invention. 
The conductor on the front surface of the 
support 14 is, as shown in Figure "G, of the 
same form as that in Figure 3. On the 

50 back surface of the support 14 are pro- 
vided two conductors, one within tho other 
and insulated from one another except imr 
at the ends G 1 and H 1 . These ends Gr and 
II 1 or other suitable points are connected 

55 by rivets or the like to the points G and 
II or other points respectivelv in Figure 
6. 

Another way in which multi-folded di- 
poles can be" produced is by employing a 
60 plurality of supports, arranged in a stack 
and having a conductor on borb outer sur- 
faces of the stack and between each adja- 
cent p air of supports. One example 



where the folding is double is shown in 
Figures 10 and 11. The structure 65 

comprise* I wo insulating >ujipurU 14 1 ami 
14 u . the former having a conductor 1-3 of 
the shape shown in Figure S arranged on 
its upper surface and no conductor upon 
its lower surface. The supporting member 70 
14 £1 j shown in Figure 'J 3 has conductors 
lit and 17 of the shape shown arranged 
upon its upper surface and thus in contact 
with the lower surface of the supporting 
member 14 1 and a eondiutor 18 as shown 75 
in Figure 10 upon its lower surface. Suit- 
able points such as H and H 1 and Or and 
G 1 are connected together respectively; 
while the ends F and Q are left uncon- 
nected. 80 

The reactance between terminals 15 and 
F may be neutralised by suitably choosing 
the points to be connected together as 
already described with reference to 
Figures o and 4. 85 

Having now particularly described and 
ascertained the nature of our said inven- 
tion, and in what manner the same is tn 
be performed, we declare that what we 
claim is: — 90 

1: An aerial structure of tlie type -el 
forth, wherein the conductors constituting 
the centre-fed dipole and the said further 
conductor or conductors are arranged on 
opposite sides of :ui insulating member 05 
iind the conductors are in the form of thin 
strips of conducting material carried by 
tlie insulating member. 

XJ. An aerial structure of the type >rt 
forth comprising three or more sets of con- 100 
duelers one of winch eon si i lutes the centre- 
fed dipole and the ot iier -ei - rfintiiluliii*? 
the .said further conductors. and :i 
plurality oi insula. ling" members arranged 
in ;* stack, iwn of the sets being di<po>rd 105 
upon the two outer surfaces of the stack 
and (lie one or more ot her sets being dis- 
posed between adjacent insulating mem- 
bers. 

3. A structure according to claim 1 or 110 
ti. wherein the insulating member ur ea<-li 
such member is in the form of a flat plate" . 
having ihe con due tors fixed upon ilo* 
Mirfaees thereof. 

4. A structure according- io claim 1, 2 115 
or °>. wherein connections between ihe 
conductors on opposite sides of the iusi.i- 
lating member or members arc made by 
means of rivets or the like passim: 
through the said member. 120 

5. An aerial structure of the type s^t 
forth, substantially as described with 
reference to, or as shown in. Figures 3 
and 4, Figures G and 7. or Figures 8 to 

11 of the drawing* accompanying fin* 125 
j > n iv ision al s j leeifi cation . 
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